The epiphytic bacterium Pseudomonas syringae produces the most efficient and 17 well-studied biological ice nuclei (IN) known. Bioaerosols containing these cells have been 18 proposed to influence cloud glaciation, an important process in the initiation of 19 precipitation. The presence of this species has been reported on rain, snow, and cloud water 20 2 samples, but how these organisms can survive the harsh conditions present on the high 21 atmosphere still remains to be better understood. In this study, the impact caused by this 22 type of environment on P. syringae was assayed by measuring their viability and IN 23 activity. Two strains, of the pathovars syringae and garcae, were compared to Escherichia 24 coli. While UV-C radiation effectively inactivated these cells, the Pseudomonas were much 25 more tolerant to UV-B. The P. syringae strains were also more resistant to "environmental" 26 UV radiation from a solar simulator, composed of UV-A and UV-B. The response of their 27 IN after long exposures to this radiation varied: only one strain suffered a relatively small 28 10-fold reduction in IN activity at -5 °C. Desiccation at different relative humidity values 29 also affected the IN, but some activity at -5 °C was still maintained for all tests. The 30
184
The intensities were measured beforehand as 75.5 W/m² for the UV-A and 48.7 W/m² for 185 the UV-B, at the ranges read by the radiometer (centered on 365 and 312 nm). Aliquots 186 from the exposed samples were then taken after determined time intervals, corresponding to 187 UV-A and UV-B fluences which could be calculated afterwards from the intensity values.
188
Separate experiments were performed to test the effects of UV over the cells' IN.
189
Longer exposures were used in these assays since preliminary trials showed no effects of 190 smaller fluences on IN activity. With the solar simulator, samples were exposed for 120 191 minutes at the same UV intensities as before, equivalent to a total 545 kJ/m² of UV-A and 192 348 kJ/m² of UV-B (at the ranges read by the radiometer), twice as much as the largest 193 fluence of the survival tests. In this case, the diluted cultures were exposed as 2 ml volumes 194 in 3 cm diameter dishes, allowing more samples to be placed below the source's focus at 
213

RESULTS
214
The survival curves to UV-C radiation (254 nm) of P. syringae pv. syringae 281 215 and P. syringae pv. garcae 158 were relatively similar to E. coli's, though 158 was slightly 216 more tolerant (Figure 3) . Under our tested conditions, a fluence of 30 J/m 2 was enough to 217 reduce the CFU counts of 281 to about 10% of the initial population (1 log decrease), 218 compared to 50 J/m 2 for an equivalent reduction in 158.
219
For the UV-B (312 nm) assays, the observed survival of the P. syringae strains was 220 considerably greater than E. coli (Figure 4) . At a fluence of 5000 J/m 2 , E. coli was 11 inactivated by nearly 3 logs, while both 281 and 158 lost less than 1 log of viability. 
236
For the desiccation assays, cells were kept for 6 days inside recipients with 237 controlled RH at 20 °C. Those results are presented on Figure 7 . The largest tolerance was 238 exhibited by the 158 strain at RH <5%, in which 22±8% of its initial population survived.
239
At the same treatment, the viability of 281 was reduced by 3 to 4 logs. At RH 33%, the 240 surviving percentage of 158 was 4±2%, about 10 times more than 281. For both tested RH 241 (33% and <5%), E. coli mean survival was around 3 to 4 %. Control samples, kept hydrated 12 in saline solution during the 6-day period, remained mostly at the same initial CFU 243 concentration, except for 281 for which the number of cells increased slightly.
244
The IN activity of the desiccated P. syringae strains was strikingly different (Figure   245 8). The 281 strain presented a mean cumulative nuclei concentration of about 3-4×10 -3 per 246 cell at -5 °C after being resuspended from the RH 33% and RH <5% treatments. Its 247 hydrated controls remained at typical values for these cultures, at 1.1±1.0×10 -1 . However, 248 the IN concentrations for the 158 strain, which are normally similar to those of 281, were 249 lower by 10 3 -10 4 times, even for hydrated cells. Its mean measured activities (concentration 250 per cell at -5 °C) were from 1×10 -4 to 9×10 -6 , after the 6-day period at 20 °C.
251
DISCUSSION
252
P. syringae survival after exposure to different UV ranges.
253
Both P. syringae strains were found to be very sensitive to UV-C, exhibiting 
278
In addition to DNA repair, it was found that protection of cellular proteins from 
288
Covering the wavelengths between 280 and 320 nm, UV-B is the most energetic, 289 and potentially damaging, range of solar radiation that reaches the ground, despite most of . In contrast to the UV-C assays, the P. syringae strains were significantly more 296 resistant to this UV range (at a wavelength of 312 nm) than E. coli (Figure 4) . However, it 297 must be recognized that all these tested organisms are still much more sensitive than D. 
300
The strain 158 (P. syringae pv. garcae) was distinctly more tolerant than 281 (P. have to be individually verified if this tolerance factor was to be attributed to them.
317
The UV-C and UV-B lamps used in this study are sources of narrow band radiation, 318 much different from the continuous spectrum found in the environment (Figure 2) . For a 319 more accurate representation of the environmental UV, a solar simulator emitting UV-A 320 and UV-B was used. Under these conditions, the P. syringae strains were much more 321 resistant than E. coli, surviving about 2 logs more at the 60 minutes exposition ( Figure 5) .
322
This can be partially seen as a consequence of the observed higher tolerance of
323
Pseudomonas to the UV-B (Figure 4) , though the presence of UV-A (320 -400 nm) can 
381
To test if the Pseudomonas culture conditions somehow favored the greater survival 382 of these cells under the "environmental" UV, E. coli cultivated in L NP was also tested.
383
Interestingly, its survival was even inferior to LB-grown cells after one hour of irradiation 384 ( Figure S1 ). In this manner, a poorer growth medium does not seem to contribute to UV 385 tolerance.
386
Ice nucleation activity following UV irradiation.
387
The IN activity of the cells was quantified for cells irradiated for two hours under 388 the solar simulator, twice as long as the survival tests. Both P. syringae strains typically 389 exhibited a concentration of cumulative ice nuclei per cell of 10 -2 -10 -1 at -5 °C (Figure 1) ,
390
which was also seen for the control samples ("0 min") for this UV assay ( Figure 6) . After 391 the exposure, 281 cells seemed to maintain it's measured IN activity at this range, with an 392 even larger mean value. However, 158 suffered a decrease of up to 1 log at this 393 temperature, though the mean IN concentration value was reduced by only about 5 times.
394
This reduction was still well above the limit of detection of the experiments, which 395 was around 6x10 -4 -3x10 -4 nuclei per cell at the tested conditions (32 drops of 10 μl from a 396 10 -5 dilution of a culture with 5x10 8 -1x10 9 cells/ml). Smaller dilutions, though, would equal 397 lower detection limits (10 times lower if a 10 -4 dilution from the culture was used, for 398 example). For the desiccation assays described below, higher cell concentrations had to be 399 used to enable detection of fewer nuclei.
19
The three different strains of P. syringae irradiated by Attard et al. Figure S2) .
409
Survival and ice nucleation activity of desiccated cells.
410
Strain 281 was relatively sensitive to desiccation at both tested RH (<5% and 33%), 411 being inactivated by over 2 orders of magnitude (Figure 7) . It survived in smaller numbers 412 than LB-grown E. coli, which itself kept a viability of about 3 to 4% after those treatments.
413
E. coli grown on L NP minimal medium presented a far reduced survival, with a decrease of 414 over 3 orders of magnitude ( Figure S1 ). Instead, 158 presented similar survival to LB-415 grown E. coli at an RH of 33%, and even larger at an RH below 5%, maintaining around (Figure 8, Figure S3 ). Nevertheless, these values were still lower than the 444 typical IN concentration for this strain, signifying some other mechanism contributes to the 
